



A systematic review of electronic assistive technology within supporting living environments 





















devices	 have	 the	 potential	 to	 complement	 care,	 help	 address	 some	 of	 the	 challenges	
presented	 by	 this	 growing	 need	 and	 impact	 on	 the	 lived	 experience	 of	 this	 vulnerable	
population.	This	 systematic	 review	was	undertaken	 to	 identify	 the	 research	on	 the	use	of	
electronic	 assistive	 technology	 within	 long-term	 residential	 care	 settings.	 A	 total	 of	 3229	





















of	 condition,	 type	 of	 dementia,	 and	 the	 subjective	 experience	 of	 the	 symptomology.	
Currently,	 there	 is	 no	 cure	 for	 this	 chronic	 condition	 so	 long-term	 dependence	 on	 care	
provision	 is	 often	 inevitable.	 Cognitive	 impairment	 is	 the	most	 common	 feature	 of	 these	















(Martínez-Alcalá,	 Pliego-Pastrana,	 Rosales-Lagarde,	 Lopez-Noguerola,	 &	 Molina-Trinidad,	
2016).	Technology	and	assistive	devices	have	the	potential	 to	enhance	the	 long-term	care	
needs	 of	 people	 living	 with	 dementia	 and	 their	 caregivers.	 Additionally,	 technology	 can	
enhance	knowledge	exchange,	education,	and	virtual	environments,	in	turn,	increasing	the	
standards	of	the	care	environments	(Martínez-Alcalá	et	al.,	2016).																																													
Technology	 is	 considered	 useful	 in	 the	 lives	 of	 people	 living	 with	 dementia	 to	 promote	
independence,	 improve	 quality	 of	 life,	manage	 risk	 and	 increase	 safety,	 support	 all	 users	
(people	 with	 dementia,	 family,	 caregivers)	 and	 to	 personalise	 support	 	 (Cahill,	 Begley,	





Pervasive	 telecare	 technologies	 include	 a	 range	 of	 sensors	 to	 detect	 motion,	 pressure,	
inactivity,	falls	and	temperature	which	automatically	send	a	signal	to	a	carer	or	monitoring	








their	 home	 or,	 for	 example,	 stand-alone	 devices	 to	 support	 memory	 or	 medication	
management.	Within	more	cluster	supported	living,	for	instance,	residential	accommodation	
networked	 information	 systems	 based	 on	 sensor	 technologies	 may	 be	 used.	 Assistive	
technologies	such	as	touchscreen	devices	can	be	used	for	entertainment	and	quality	of	life	to	
support	 reminiscence	 through	 pictures,	 music	 and	 Apps,	 and	 as	 memory	 aids.	 Although	
technology	provision	of	people	living	with	dementia	tends	to	focus	more	on	safety	and	the	
reduction	 of	 risk,	 as	 opposed	 to	 devices	 for	 leisure	 and	 promoting	well-being.	 Innovative	
devices	 are	 continually	 emerging	 into	 the	marketplace	 and	 as	 research	 prototypes	which	
means	technology	to	support	people	living	with	dementia	is	a	very	fluid	environment.		
	
Within	 the	United	 Kingdom	 (UK),	 it	 is	 estimated	 there	 are	 1.7	million	 telecare	 users,	 171	
technology	products	and	331	services	for	people	living	with	dementia	(Gibson	et	al.,	2014).	
Despite	this,	assistive	technology	provision	 is	fragmented,	 it	can	be	difficult	to	access,	and	






effective	 use	 of	 assistive	 technology	 to	 improve	 the	 safety	 and	 security	 of	 people	 with	
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dementia	 is	 very	 weak.	 Common	 issues	 reported	 were	 difficulties	 using	 systems,	 lack	 of	
acceptance	by	the	user	and	the	reliability	of	the	technology.	Recommendations	within	the	
review	 included	 the	 need	 for	 careful	 assessment,	 early	 introduction	 of	 technology,	
personalised	technology	approaches	and	more	robust	evidence.	Topo	(2009),	reported	in	her	




are	 because	 there	 is	 such	 a	wide	 variability	 of	 aims,	 the	 technology	 design	 and	 outcome	
measures.	Additionally,	it	was	reported	that	the	voice	of	people	living	with	dementia	is	limited	
within	 academic	 literature.	 Another	 significant	 literature	 review	 had	 a	 specific	 focus	 on	




safety/risks,	 substitution	 of	 care,	 dignity/stigmas,	 staff	 burden,	 person-centred	 care,	 and	
privacy.	A	major	conflict	emerged	between	the	interests	of	the	institution	and	the	interest	of	
the	 resident,	especially	 in	 relation	 to	 technologies	 impact	on	 the	 resident’s	quality	of	 life.	
Additionally,	 a	 lack	 of	 in-depth	 analysis	 was	 evident	 and	 no	 agreement	 on	 the	 ethical	







technology	 requirements	 as	 a	 person’s	 dementia	 progresses.	 	 Additionally,	 	 some	
technologies	would	not	be	as	suitable	for	those	at	a	more	advanced	stage	of	dementia	or		for	
those	 living	within	 a	 residential	 or	 nursing	 home	 (Olsson,	 Engström,	 Skovdahl,	 &	 Lampic,	
2012).	 A	 key	 role	 in	 the	 provision	 of	 technology	 enriched	 care	 is	 enabling	 a	 person	with	
dementia	 to	 live	 in	 their	 own	 home	 environment	 for	 longer	 (Leroi	 et	 al.,	 2013;	 Zwijsen,	
Niemeijer,	 &	 Hertogh,	 2011).	 However,	 as	 housing	 options	 increase	 so	 too	 should	 the	
provision	of	 technology	enabled	services	 to	enhance	care	and	 increase	quality	of	 life.	The	
current	 literature	 review	will	 focus	 our	 attention	 on	 long-term	 care	 and	 supported	 living	




works	 constituted	 an	 important	 knowledgebase	 for	 technology	 available	 for	 people	 living	
with	dementia.	This	systematic	review	will	attempt	to	further	expand	this	knowledge	base	by	












































We	 included	 studies	 that	 met	 the	 following	 criteria:	 original	 peer	 reviewed	 papers;	 an	
assistive	 technology	 intervention;	 with	 residents	 or	 tenants	 living	 with	 dementia	 or	 their	
caregivers;	in	supported	living	environments	or	residential	care.	Technology	devices	included	
were:	 motion	 sensors,	 inactivity	 sensors,	 acoustic	 sensors,	 bed	 sensors,	 surveillance	
















131	 were	 identified	 for	 closer	 examination.	 The	 131	 papers	 were	 reviewed	 against	 the	
inclusion	criteria	and	a	further	89	were	excluded.	A	number	of	papers	were	brought	to	the	




emerged	was	 independently	hand	searched	within	the	Cochrane	Library	and	 inputted	 into	
Google	 Scholar	 to	 pick	 up	 any	 systematic	 reviews	 or	 missing	 papers	 on	 that	 topic.	 The	
reference	 lists	of	the	 included	studies	and	relevant	 literature	reviews	were	also	 inspected.	
Another	19	papers	were	added	from	the	hand	searches	of	the	literature.	The	final	number	of	








































systems,	 accessing	 the	 impact	 of	 technology	 to	 support	 night-time	needs,	 testing	 specific	








information	 that	 staff	 observation	 might	 not	 (Yamakawa,	 Suto,	 Shigenobu,	 Kunimoto,	 &	
Makimoto,	2012),	and	the	promotion	of	independence	(Martin	et	al.,	2013).	Interestingly,	one	
paper	 reported	 that	 surveillance	 technology	 was	 used	 with	 residents	 living	 with	 a	 less	
advanced	stage	of	dementia	and	as	the	condition	progressed	physical	restraint	interventions	








low	 batteries,	 connection	 problems	 (Aloulou	 et	 al.,	 2013),	 	 and	 alarm	 fatigue	 (Niemeijer,	
Depla,	 Frederiks,	 Francke,	 &	 Hertogh,	 2014).	 Alarm	 fatigue	 occurs	 when	 the	 technology	










that	 people	with	 dementia	 do	 not	 like	 to	 be	monitored	 (Godwin,	 2012).	Maintaining	 the	
persons	with	dementias	privacy	and	restricting	 individual’s	 liberty	are	 important	emerging	




and	 individual	 person-centred	 assessment	 for	 devices	 are	 required	 (Godwin,	 2012).	 The	
design	of	 telecare	solutions	should	also	be	 improved	 in	 the	 future	according	 to	 the	user’s	
needs	with	people	living	with	dementia	part	of	the	design	process	(Abbate,	Avvenuti,	&	Light,	
2014)	and	the	potential	for	failure	at	the	core	to	help	remedy	solutions	(Aloulou	et	al.,	2013).	
Further	 systematic	 and	 robust	 research	 is	 needed	 to	 increase	 usability	 and	 enable	 the	
practical	application	of	such	interventions	(Bourennane	et	al.,	2013;	Godwin,	2012;	Martin	et	
al.,	 2013;	 Schikhof,	 Mulder,	 &	 Choenni,	 2010).	 Consideration	 also	 needs	 to	 be	 given	 to	













Hoof,	 2014;	 Ancoli-Isreal	 et	 al.,	 2003;	 Thorpe	 et	 al.,	 2000)	 Further	 searches	 found	 that	 a	
Cochrane	 Review	 was	 undertaken	 in	 2014	 (Forbes	 et	 al.,	 2014).	 Studies	 that	 cited	 the	
Cochrane	Review	were	subsequently	searched	and	one	met	the	inclusion	criteria	(van	Wezel,	
Zwerts-Verhelst,	Sturm,	&	van	Hoof,	2016).	The	data	was	not	extracted	from	two	studies	as	































Heerink,	 &	 Rosendal,	 2009;	 Kachouie,	 Sedighadeli,	 Khosla,	 &	 Chu,	 2014;	Mordoch,	 Osterreicher,	
Guse,	Roger,	&	Thompson,	2013).	The	original	search	terms	did	not	specify	robotics	and	this	theme	







































with	 dementia	 in	 long-term	 care	 setting	 are	 illustrated	 in	 Table	 6.	 Eight	 studies	 were	




a	 rise	 in	 staff	 workload	 (Braun	 et	 al.,	 2014),	 improve	 cognition	 (Burdea	 et	 al.,	 2014),	
complement	 person-centred	 care	 (Kerssens,	 Sattler,	 &	 Monteiro,	 2014),	 increase	
communication	and	socialisation	(Nijhof,	van	Hoof,	van	Rijn,	&	van	Gemert-Pijnen,	2013)	and	
were	enjoyable	(Torrington,	2009).	Additionally,	it	was	found	that	a	monitoring	watch	was	a	


































Mansfield	&	Werner,	1997).	One	study	 reported	 that	 simulated	presence	and	music	were	
both	more	effective	that	usual	care	(Garland	et	al.,	2007).	However,	a	second	study	did	not	










consideration	 is	 the	timing	of	 introducing	 the	 intervention.	One	research	team	found	that	
simulated	presence	was	not	effective	when	applied	later	in	the	agitation	or	when	a	person	
was	hallucinating	(Miller	et	al.,	2001).	Additionally,	it	was	really	important	to	have	a	strong	






















needs	 to	 be	 undertaken	 in	 terms	 of	 functionality,	 ease	 of	 use,	 and	 installation	 reliability.	















dementia	were	 included	 in	 this	 research.	 An	 overview	 of	 the	 current	 literature	 has	 been	
presented	which	builds	on	the	findings	of	previous	reviews	within	this	field	(Fleming	&	Sum,	












In	 recent	years,	non-pharmacological	 interventions	have	gained	 recognition	 in	 the	care	of	
people	 living	 with	 dementia,	 however,	 robust	 evidence	 is	 still	 required	 to	 support	 their	
effectiveness	(Cabrera	et	al.,	2015).	Technological	interventions	have	indicated	their	potential	
to	support	person-centred	care	(Sugihara	et	al.,	2013).	Within	this	review,	a	wide	range	of	
positive	 outcomes	 were	 found	 through	 the	 use	 of	 technology	 solutions,	 including	
complementing	 staff	 care	 (Chan,	 Campo,	 Laval,	 &	 Estève,	 2002),	 providing	 tenants	 and	
residents	with	a	sense	of	security	(Margot-Cattin	&	Nygård,	2006),	enabling	social	interaction	
(Pfadenhauer	&	Dukat,	2015;	Šabanovic	et	al.,	2009),	enhancing	well-being	(Torrington,	2009)	
and	 promoting	 independence	 (Mihailidis	 et	 al.,	 2008).	 Also,	 the	 potential	 of	 robotic	












useful.	 Light	 therapy,	 for	 example,	 could	 not	 be	 recommended	 in	 practice	 as	 there	 are	 a	
number	of	questions	yet	to	be	answered	by	further	research	(Forbes	et	al.,	2014).	In	line	with	
previous	 research,	 the	 issue	of	privacy	emerged	 from	 the	 literature.	 Technology	 solutions	
were	considered	both	an	invasion	of	privacy		(Niemeijer	et	al.,	2015)	and	a	way	to	prevent	
unneccesary	 intrusion	 on	 privacy	 (Yayama	 et	 al.,	 2013).	 Interestingly,	 the	 importance	 of	
keeping	 the	 data	 secure	 to	 uphold	 the	 privacy	 of	 the	 tenant	 or	 resident	 received	 little	
attention	 in	 the	 literature.	 It	 is	 also	 important	 to	note	 that	not	all	 the	 interventions	were	
successful	in	a	population	living	with	dementia	(Ligons,	Mello-Thoms,	Handler,	Romagnoli,	&	
Hochheiser,	2014)	or	with	all	the	users	(Peak	&	Cheston,	2002).	One	study	outlined	the	postive	
outcome	 for	 care	 when	 technology	 was	 removed	 from	 the	 care	 setting	 and	 replaced	 by	
reeducating	staff	 (Bressler	et	al.,	2011).	This	calls	 into	question	the	quality	of	care	when	a	




The	 challenge	 with	 technology	 interventions	 is	 suggested	 by	 the	 variety	 of	 devices	 and	
systems	 to	 choose	 from.	 A	 combination	 of	 commercially	 available	 devices	 and	 research	
prototypes	 were	 reported.	 Studies	 exploring	 telecare	 devices	 had	 the	 largest	 number	 of	
papers	 included,	within	which	a	significant	variation	of	systems	were	reported.	A	range	of	





of	 audio	 recorded,	 the	 timing	 of	 the	 intervention	 and	 how	 it	 was	 delivered	 (i.e.	 iPad,	
headphones	etc.)	 (O’Connor	et	 al.,	 2011).	 	A	 range	of	different	 factors	 can	 impact	on	 the	
technology	 intervention	 before	 considering	 the	 variety	 of	 care	 environments	 people	with	






with	 individuals	 in	more	 advanced	 stages	 of	 dementia	 than	 telecare	 (Te	 Boekhorst	 et	 al.,	
2013).	Solutions	must	be	individual	and	enable	customised	features	in	order	to	complement	





moves	 into	 accommodation	with	 built-in	 technologies	 installed	 that	will	 be	 automatically	








In	 line	with	previous	 findings,	a	major	outcome	 is	 that	more	robust	 research	 is	needed.	 It	
became	clear	that	the	methodological	approaches	ranged	significantly	across	all	the	types	of	





challenges	associated	with	 recruiting	people	 living	with	dementia.	A	 total	of	N=31	studies	






as	participants,	 it	 is	not	clear	the	authenticity	of	their	 involvement	and	often	people	 living	
with	dementia	were	largely	passive	participants	within	the	research.	One	study	stated	that	
paid	 staff	 most	 familiar	 with	 residents	 completed	 questionnaires	 on	 their	 behalf	 (Te	
Boekhorst	et	al.,	2013).	It	is	therefore	hard	to	establish	the	true	engagement	of	people	living	








for	 assent?	Would	 process	 consent	 enhance	 the	 person	 ability	 to	 engage	 in	 the	 research	
(Dewing,	2008)?	It	is	recommended	that	future	research	outlines	how	individuals	living	with	
dementia	are	included,	how	they	consent,	how	decisions	are	made	between	two	approaches	






















This	 systematic	 review	 presents	 sixty-one	 papers	 exploring	 the	 use	 of	 electronic	 assistive	
technology	 in	 long	 term	 care	 settings.	 The	 findings	 indicated	 the	 varied	 methodological	
approaches	used	to	explore	the	impact	of	technology	interventions.	There	was	a	significant	
lack	of	compelling	evidence	to	 indicate	the	technology	 intervention	that	 is	most	effective.	
There	are	a	wide	range	of	devices	and	systems	commercially	available	to	support	people	living	
with	dementia	yet	very	little	validated	information	to	help	caregivers	select	the	most	suitable	
technologies.	 	Furthermore	efforts	to	 	engage	people	living	with	dementia	 	 in	the	decision	
making	should	be	expanded.	Overall,	the	potential	for	technology	solution	to	be	incorporated	
within	 person-centred	 care	 provision	 is	 evident	 but	 more	 robust	 research	 is	 needed	 to	
compound	these	findings	with	people	living	with	dementia	as	active	participants.		
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